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POWER SPECTRAL ESTIMATION ALGORITHMS

In— this project, we have developed

algorithms to estimate the power spectrumii

using Maximum Entropy Methods:” " These
algorithms were coded in FORTRAN 47 and were
implemented on the VAX 780.

We recall that the important
considerations in this analysis are:

1} RESOLUTION: How close in frequency can

two spectral components be spaced and still
be identified?.-

2,<1DYNAMIC RANGE.’wa small can a spectral
peak be, relative o the largest, and still
be observed in the spectra?

3} VARIANCE: How accurate is the estimate of
the spectra to the actual spectra?

-our work with the application of the
algorithms based on HMaximum Entropy Methods
to a variety of data shows that these
criteria are met quite well. Additional work
in this direction would help confirm our
findings.

All of the software developed has beeéen
turned over to the technical monitor. A copy
of a typical program is included in~ this
report.

Some of the actual data and graphs based
on this data are also included:-:in —this
report.
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THE 2Z--D MAXIMUM ERTROFY

To cbitain the 2-D mem solution {
data (real symmetric acf), using
computation. The ME]

R 3 S 3R RS
STIMATOR:

AR R
50 E

or real
direct dfl

M FSD does not required that

the krnown lags of the 2-D acf have & wmifoerm suUpport

gridi arbitrary lags cam be usoed

#lam = lambda coefificienl array
¥old = old lamhda array require

beta computation.
r = known actd value.
P> = computed act values or c
g

o]

it any, edist in the acf
n = dft length used in the i
2 = n/2
ma21 = 0 o+l
4 = n % on
nl = omad tve G0, v) indes for
squeare region containing
mm =omar autT array sine for L
mr s = center point of the act
mn3 = mn2 -+ 1

=

mn 4 = 2% mn3

as the constraints.

d far

orrection acf.

P = lagical array specivinguwhat gqaps

terations.

Lthe snallest
R

hic program(23).

Tray.

mi = min (Gt,y) dindex for known regior.
ma =omast (3, v) index for known regian.

sl f = stale factor.

zkst = oerrar level .

Ko I e B e B S MR R RSB KR R B G0 S 3 R e 3 e 3 3 K

LS PO

real+4 wl, x2, =, den
TR Dy

real*4d  xlam(25,25), xold(25,25),

2

commen N, nZ, n2l, nd, nl, mon, mn?

format (10x,” nitr = ",1i3,952,7 err

format (10x," alpha Taeldls, )
beta = ",eld4.6,/)

-

format {10,

mn = 25

mne = {aon — 1Y / 2 + 1

1{

~

call actzd (r

ronE o= e fpnE, mn)
do 1 0= ml,m?
do J = ml,m2

Fligjr = r{i, 30 / rmn?
eriddo

ST L el L At e et ey e e e s

- T e — . LY Y g
25,25y, pr {25,705

« i, ownd, mly omi2

or = T.elZ.4,/7)
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enddo

“old =
zoldl =

write (%
70 format (

read ¥,

write (%,

'S format (

scl+ =
alpha =
beta =

do 1 0=
cdo j =

Hold
lam
e (4
=rcddo
enddo

M1 amimr
»old tnn

den = 0O
do i1
do j

dern
erddao
enddo

dern = d
nitr =
WO call £t

nityr =
z o= 0,0

do 1 =
do i =

Py (il

enddo
enddo

=T =z /
wiite (

i (=

TSI p % g ey

. P
7y 102, Tenter error level (ztst) AR

P Y el
T

)
7y G, 7 oerror level (stst) = T o flola, s

0,0

0.0

1, mrm
1 PN
(i, 3) = 0.0

(i,3) = 0.0
P = 0.0
2,mr2) = 1.0

SymnZ) = sl am Gnn 2, mnd)

L0

mi,mzd

ml,m2

= den + i, d) (1, j?

en - 1.0
0
~

(pryslam,nl, z? ORIGINAL PAGE IS
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nitr + 1
e L u m
ml,ms

$3) =l gy = puli, )
z o opxli,ir ¥ pu(i,d)

den

¥,1) nitr, =z

L1t. ztst ) go to 2000

it e T e TR R P
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if (2 .ge. zeld .or. bota .ne. 0.0) go to F70
go to 971

970 alpha = 1.0 + alpha > / 2.0
scld = sclf / 2.0

zoldl zold
971 Toold = 7

-

call F+2 ( py,=3 )

W= 1.0 b aclf o ® owl /o w3
alpha = amaxl ( alpha, ux )

write ( #,2 ) alpha
call FtZ ( xwold, px, alpha, slan )
call fE£2¢ 2lam, x4 )

it (x4 .gt. 0.C¢ ) go to 972

bmirn - n4 7 Cnl o= w4 )
beta = 1.0 + ( 1.0 - sclf ) %= ¢ 1.0 /7 bmirn — 1.0 Y)Y ¥ biminm

)

alpha = ( 1.0 + alpha ) 7/ 2.
go to 973

beta = 0.0

5
~
)

773 write ( %, 3 ) beta

do 1 = mi, m2
do i = ml, in2
#lam€ i, J ) = beta % XOLD( i, j ) + { 1.0 — beta ) % wlam! 1.3
#oldli,j) = wlam{ i, i)
anddo
enddao
g ta 1000
OO0 continue

write (¥, 9900)
Q00 format( 1x, 7 cornvergence achieved ! test in [Frogress,
*  patience.... 7)

ne2 = " /@
n21 = n2 + 1
N4 = n ¥ n

call FL0 pe, wlam, wl, =2 )
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do j ml, ml
z o=z o+ Crl iy 3 ) — pxl i, J 3 ) %% 2

endda
enddao
= =z 7/ den

if (=2 .le. ztet ) go to 974

writlte
QOO2  format

Qoo ) =

7 Terror level too high @ T, el2.4, /)

o~ -~
-~
™

go to 975

i

X

974 write ( %, 9001 ) =z
FQOLT  Format (/, 7 good solution. error dis @ 7, el2.4,//7 )

Q75 continue

cC do 1 o= ml, m2
co do j = ml, mZ

ol wrritel *, Yoi, d, Hlamdl i, 3 )
FEO0 Format ( Ly 7 lambdal *, I2,1X, 17,7 ) = . E14.6, /)

coc writel( 7, 9400 )y wlam( i, j )
2400 farmat( 1x, £10.7 )

cCc enddo
cc ernddo

call primt( 2lam, mZ-ml+1 )

stop
erd
CRe 36 3B Je 30 3 3 330 30 30 0 00 3 H S H e 55 3R B30 B 03 0 3 S0 U M 06 B R 3 R 06 3530 3 e e 3 3 50 9

subroutine acf2d{ r )
T T D LT R R T 2 Tk - R R VA AT I U I USSR LTI VS CRET A VI (O AR TR PR R AR VRE S O AN AETAF LAV OR VAR V257 S

integer rm, ni, ony mn2, ml, m2
realsed (25, 25 pL20), sfregq(20y, yvireql(20), noise, t

Valida Ry a1

common N, nd, nZl, n4, nl, mn, o2, mn3, mnd, ml, @2

o omen
(25 y ) )

pi = 4.0 % atam(1.0)

wrrite (®, 110)
110 format (/. 10w, “enter number of sinuscids™, /)

read¥, nsin

write( ¥, 112) nsin
112 format (/, Sx, 7 number of cinucsoids = 7, 12,

R TOREReN - am e e



do i = 1, nsi

Write (s, 13Q)
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130 format (/, 10x, Tenter power, Xfred, vireg ( abs(freq) D O
read #,p(1), wfreqli), yfreqgli)
write( #,13%2 ) i, pflid), “freqli), yfreqil)
22 format (/, S, sinusoid = 7, i%, 2w, 7 power = 7, 8.2, S,
7 ufreg = T, F7.35, S, yireq = ", F£7.5, /)
enddo
write (%, 13500
150 format (/, 10w, “enter nolse powetr® /)
read¥, nolise
writel{ ¥,152 Ynoilce
52 format(/, Sx, = noise power = 7, F7os,
write (s, 170)
170 format (/, 10x, “enter dimension of smallest square containing
* acf (must be odd) /)
read+, nlZ
write( ¥, 172 )nlZd, mld
172 format {/, 9u, act matrin T, 12, 7 BY T 1Z, )
nl1 = (nl2 -t ) / 2
ml = mnZ — nl
m2 = mnZ %+ nl
mn3 = mna2 + 1
mrd = 2 ¥ mn2
write (¥, 197)

197 format (/, 10

read*, N

199

=
S,

write( #,

199 format (/,

. Tdft length (must be even)’.,/)

’n

" dft length = 7, 18, /)

2 =0 /2

n2i = n2 + 1

nd =n % n

do T0 ns = 1, nsin

) Wi = F.o ¥ pi % wfregl ns J

wy = 2. ¥ pi * yfreql ne )

do Z0 i = ml, md
ia i — mnZ

do 30 J = ml, mi
ja = j — mnZ




if ( ns .eqg. 1 9 Fio1, 3 )y = 0.0
r{i,j) = r{i,j)+pns)cos (Weriatwy¥ja)d

Z0 continue

reomn2, mn2 ) = rf oond, mn2 ) + nolse
DO I = M1, MZ

: WRITE (%,911) { R(TI,JY, J=HM1,MI)

911 FORMATC @(F1O.4))
ENDDO
return
ernd

o TR EIE LTS L LT EES LT EEELTI LTS TE LR EEES L ST LS E LT L EE LS L L
subroutine L2 (pr,»xmin)

ot EE S LTSS L LT LEEL LTI RE IS L XL L LTI TR LR T2 L R R ELE R R R
real 4 px (25,25
complex z20,z21,=22,23,24,25,26,27

common n,n2, N2, nd . nl,mn,mnZ2, mn3 o mrdyml, miD
pin = 8.0 #atan (1.0} /float (n)

wOO = 0.0
0.0

N
MNalal

-

oy 100 1 ml,mZz
do 100 j = ml,mZ
#OO = 200 + pul{i,J)
100 W22 = qZ224pu (i, i) ¥ (=1, 0)¥¥ (i+F~mrnd))

T

symin = aminl (00, x122)

O = pu(mnZ,mrl)

cmplu (cos(pin),sin{pin))
(1.0,0.0M

zb = cmplu(cos(pin¥nl),—sin(pin*nl))
(1.0, 0.0)

t
o]
1l

2!
|
1

3
1

M
~
]

do 600 k = 1,nZ1

=22 = z1

i
o
.

-

do Z00 m = mn3i,m2
w1 = ywl+ptmemnd) e (real (22))

200 =22 = zZ¥zl

=3 o= (1.0,0.0)

do SO0 1 = 1,n
if (k+]1 .eqg. 1) go to S09
if (k. eqg. 1 .and. 1 .gt. nZi' go ta &01
if (k. eg. mZl .anrnd. 1 .gt. mZ) go to 600
w2 = 0.0
=4 = =7

do 400 m = mi,m?

do 00 nm = mni,mZ
#2 = w4py (my,nn) #real (4%:5)

oL

Z00 RATIE TR o
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400

00
601

&0

C ¥ ¥ 36 KK

C*ERK KRR

100

285
286

if {m.eq.m

=4

go ta 400
z4¥zl

continue

skl
smi

o
Au wat

zl
=7

4

n

HOF2L0 0% O] k)
aminl takmin, k1)
X0

=l 0
zhkconig(z4)

continue

retun

ernd
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subroultine
SEE T ST L EL
real#d o 25
complex
common

3

42
plﬂ

w00

A
Mo

yQo0
mom
Y22
do
do
#» OO0
e TATY
y QO
L an)

yaR

1
1

i

0
0

wlam(

do
if
nnl
go
nrl

150
im.

(

1

Q

FLRE0 wald,

nE o
PR

)
:| L
- ~-y ~ - T -
20, =1,=22,23,%

n, m2,nzi.nd,nl

rid
3. 0%atam( 1.0} /F
0.0
0,0
Q.0
0,0
i = ml,m2
j= ml,m2
nn4pwfjgj)
HERpy (1, 3) w01
yOO+ xold (i, j)
v“"v'ol(d(l. RE AN
i, Y= 0.0
I.O/VDD+(1.O -
1.0/500
1,0 / 22
= L O/RRR

Q
(w)

e T

&l

(1.

mo= mi, mZ

continue

do

150
wlam(m 2 AN )

3K »(-)*.*-r.v:)’r’rh*vré‘*)(*%'l‘ﬁ"kl-k%*‘

D-=-alpha) ®a 22

wlam )
LR e Fe it KR K3 R B W S

[ e alphia,

lamt( 25, 23 ), =old( 28, 25

4.,A_LJ..._(1.,.27

M, M2, M g, mt, m2

loat in)

LY RR (D -mn4d) )
=1.0)¥e (i J—mnd))

plhia)# w00

-

1t.mn3) go to 983
mrz
986
mna
o= nml, m2
= w00 + w2Z (0 1.0 ¥ ( mEnn—mnd))

px {mrlZ, mna)

vold{mn2, mn2)
cmplsd
¢ 1.0,
cmplx

(1.0

3.0

D.0)

cos{pin), s

(cos (pinkrl),

in(pin))

~sin(piomi))



do 800 ko= 1, ndt
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do 200 m = mn3, m3
= real (22
#l = #1 + palom, mnZ ) #xd
vl = w1l + xold ( m,mnZ2 ) % uu

=200 2 0= 22 ¥ z1

23 = ( 1.0, 0.0 )

do 700 1 = 1,n

if ( k¥l.eqg.l) go to 700

if ( kieg.l.and.l.gt.n21 ) go to 801
if ( koeqg.nZi.and.l.gt.n? ) go to 800
2 = 0.0 !

0.0

4 = =7

cdo 400 m = ml, m2

AN B

~
5
"

~

do 200 o = mnd, m2

#yo= preal ( 24% 23 )

w2 o= owd o+ pr{mynin) ¥

v2 = y2 + xold{ m, nn )k
300 o= DRl

e |
if { m.eg.m2 ) go to 400
4= z4 ¥ z1

400 continue

O+ 2.0%( xl+ xT)
O + 2.0 ¥ (vl + y2 )
1.0 - alpha ) # ukl

.~
—
7
i
{
i
“

—
il
e e~
(&
S
<
=
+

2 = 27
o 600 m = ml, m2
f (m.lt.mn2 ) go to 987
5= ( 1.0, 0.0)
mnl = mn2
go to 98B
787 23 = =23
nrnl = mn3
788 continue
do 300 nn = nnl,m2
if (k*l.eq.n21 ) go to 939
sxlam (m,nn} = xlamim,nn)+2.0%¥xhkl% real (z2%235)
go to S00
789 slam(m,nr)=ulamlm,nn) +xkl*¥real (z2#:5

300 235 = =5 ¥ =3
500 22 = 22 ¥ =z
700 25 = 23 0% =0
301 z1 = z1 % =0

T B LT A AN S PTLAET (e e W Y s bass | RS age e i M ame el me e




200

I00

I NN

400

DAY
A

994

997

]

!

oMM

N O e

t-

Moo M
Pl 0 = Mg

o)

o

P
if
ty
fo
#(
st

o
Hm
Hm
sk

- 72
R

do
i¥f
=5
nn
go
o
nr
co
do
if
P
qo

%
X

= coplx( cos(pin),ein(pin) )
= ( 1.0, Q.0)
= cmpla ! cosi{pin¥nl), —gin(pindnl) )

= (1.0, 0.0 0
8O0 k = 1, nZl

= 1

= Q.0

200 m = mnX, md

= w1l + »lam (m.mn2)¥real (z2)

700 1 = 1, n
( k*l.eq.1 ) go to 700
(k.eq.l.and.l.gt.nZl ) go to ol

( k.eqg.n2l.and.l.gt.nZ ) go to @O0
= Q.0

= z7

400 m = ml, m2

Z00 nno= omnd,  md

= u2 4+ nlamm,nrn) # el ( 24%:3)

Fyoa

=pExel
(

m.eq-ms2 ) go to 400
= z4 #® zl
ntinue

1 = 20 + 2.0 ®*{ xl+Z )
{ %kl.gt.0.0 ) go to 994
pe 222
rmat ( Sw, ° bad solution, +( lambda ) < 0.
CHECE FOINT NO. 2 { SUBFOUTIME FTY) T

op

ritinue
inl = amiml ( xminl, xk
in2 = amaxl{ xmind, =k

1 = 1.0 / =kl

)
L)

z7

00 m= ml, mZ

m.lt.mn?2 ) go to Y95
( 1.0, 0.0 ) ORIGINAL PAGE IS
1 = mnZ OF POOR QUALITY
to 996
1 = mn
ntinue
500 nn = nnl, m3
( k¥l.eg.n2l ) go to 997
( myrnm ) = px i om, nmo ) 2.0 0 skl Feal ¢ =22%25 )
to SO0
( m,nn ) = px{ mynn )+ hl¥rexl ( 22%z28 )

o ~o 1

-x
-



500
&0
700
BO1

00

QOO

1000

AT T AN | O g BT P e RS St O Mt AW 5wt S aBmsA e v ar

25 = 25 % 3

T2 = z2 ¥ =1

23 = 3 ¥ =0

z1 = = ¥ zO

7 = =6 ¥ conjglz4)
continue

do 00 m= ml,m2
do Y00 nn= wl,mnnZ
pxC mynn ) o= @i (O omlemZ-m,
# O mn2, mnZ )
<O /S Hn2
o 1000 m = mil, mZ
10G0 Nnn = ml, m2
w0 m,nn )

lam{m,nn)= am (ny Miry) %33

1.0 /7 «
Aminl ¥

wminz
wmind

,
xS

return
end

wmnmin2 % s

mil-+tmI2—-nmn

x
= pxi om,nn) /pad
41

D)

)
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